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INTRODUCTION :

In recent years, concern about lead poisoning
in young children has led to an interest in portable : Y
instruments that can detect and measure the amounts | : \
of lead in surface méterials such as paints used
in dwellings and in children’'s toys.

The Aipha Scattering Experiment on the Surveyor

Lunar missions demonstrated that the elastic scattering
of alpha particles can be used for guantitative
elemental analysis of surface materials. In 1972

it was realized, hovever, that small adaptation in

the instrument could lead to detection of lead and
other poisonocus heavy elements in surface materials.

The idea was first proposedrto NASA in 1972.

NASA, consequently, through its' Office of Technology 3
Utilization obtained a small grantrﬁrom HUD for the | '
' development of two prototype instruments.

The principles underlying such an instrument H
are described in the attached Science reprint |
(Heavy Elements in Surface Materials: Detéction by

‘Alpha Particle Scattering. Thanasis E. Economou, °
Wayne A. Anderson, Edwin M. Blume and Anthony L.
Purkevich, Science 181, 156 (1973).

Thé work done, and the results obtained during
the covering period are described in the attached
Principles of Operaticn and Instruction Manual.

The two protoiype instruments were delivered

to HUD (through NASA} on June 1874.



Alﬁhough the quality of CM244 alpha sources
obtained from Argonne National Laboratory and used
in the instruments was not as high as desirable
(see‘manual for details), the results obtained with
the instruments are satisfactory in demonstrating
the capabilities of this type of an instrument.

Currently, the instruments are ﬁndergoing
evaluation at National Bureau of Standards and

at the Goddard Space Flight Center.
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I:. Introduction

An instrument for the detection of heavy elements in_
surface materials (e.g. Pb, Bi, T1l, etc.) has been constructed-
based on the principle of back-scattering of alpha particles
from a radiocactive source. The technique is essentially the
same as was used to obtain the first chemical analyses of the
lunar surface on the Surveyor unmanned missions in 1967-1968.

A demonstration Instrument, builﬁ-up with spare
sSurveyor electronic parts was constructed in the summer of
1972 and demonstrated that fall to NASA and other U. S. Govern-
ment officials. It was described in a paper in SCIENCE in 1973
(Economou et al., 1973, Appendix i). Based on this work a grant
was obtained from HUD.through NASA to construct two instruments .

This report recalls the principleslof the technique,
sumﬁarizes the advantages and disadvaﬁtages of the technique,
describes the instruments as constructed, prcvides operating
~dinstructions and calibration curves, and givés.contingency
procedures for dealiﬁg with possible malfunctions.

The present Alpha Scattering Heavy Element Detectpr-
Instrument (ASHEED) is picutred 1n Figure 1. It consists of a
detachable c¢ylindrical sensor head and a rectangular box.
containing most of the electronics, display counter, timing
unit and battery and charging accéésories. The instrument weighs

3

one kg, has a volume of ~ 800 cm® and can operate up to 40 hrs

on one battery charge.'



Thé presence in ﬁhé instrument of an alpha radioactive
source of around 3 mc strength reguires thaf precautions always
be taken not to direct it at bare skin with the shutters open.
There is negligible radicactivity escaping from the instrument

with the shutters closed.



IT. Principles of the Method

The principle on which the Instrument operates is
described in the accompanying reprint from SCIENCE magazine
(Economou et al., 1973). It depends on the fact that when
mono-energetic alpha particles (from a radioactive source) are
back-scattered from a sample, the alpha particles come back
with an energy that is higher the greater the atomic weight
of the element dolng the scattering. The alpha particles are
detected by a semi-conductor silicon detector which puts out
an electrical signal whose size is proportional to the energy
of the alﬁha particle entering it. BEach alﬁha particle entering
the detectér is registered separately. FElectronic discrimination
can allow only alpha particles above a certain minimum enérgy_to'__
be recorded, and thus the presence.of elements with atomic weight
greater than some threshold value (in our case Zn or Ba) to be
detected. The intensity of scattering is greater for the heavier
elements, thus providing extra sensitivity for these.

| Because of the low penetfating power of alpha particles,
the inétrument measures only the heavy element content of the
topmost layer {~ 1 micron) of the surface, but 1s quite sensitive
ﬁo the heavy element content in this top layer. Thus, it is
particularly suitable for detecting the heavy element content
of the top layer of paint, for example on a wall or on a toy

or child’s crib.
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The present instrument is constructed with two
thresholds: the "Lo" threéhold responds to the presence of
all elements heavier than about zinc¢ - but with greater sensi-
tivitylfor the heaviest elements. In this "Lo" mode, with a
suitable source, less than 0.5% of Pk can be detected in 1 minute
measurement. If this first measurement with "Lo" mode indicates
" the presence of heavy elements, the "Hi”-level mode will enable one
(on a longer time measurement) to make éuré that the heavy
element present is indeed heavier thaq barium.

This particular mode ofkoperation has been a first-cut
attempt to compromise between quick response and specificity
to pafticular elemenfs. It mighf‘be remembered that, not only
lead, but most chemical elements In the heavy fegion of the
periodic table (e.g. Hg and Tl) are also poisonous, so that
their presence 1In amounts greater than a few ténths of a percent
should be of interest. In any case, evaluatlon of thé present
instruments should provide iInformation on the possibly different
threshold settings thét would be most useful.

The instrument consists of two portions: A) the sensor
head and B) the electronics and associated servicing facilities
(display unit, battery and voltage regulator and charging
facllity). The sensor head has in it the radioactive source
(2u40m in the case of the present instruments) and an annular

silicon detector. The source and detector are protected by
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.thin films, aé well.as mechanical shutters. The general
relationship of these is shown in Figure 2.

As indicated in the detailed description, the present
instruments deviate from those that could be built because the

24l

gquality of the Cm sources that were obtainable'was_not as

optimal {either in intensity or spectral purity) as desired (appendix 2).

244

Future instruments should use either higher quality Cm

sources, or else ancther alpha emitting radioisoctope, €.g.

242 2H20m can more easily be obtained in

Cm(codld be used.
high gquality, but 1s more expensive and has a shorter half-life
(~ 163‘d); requiring a calibration curve that changes (in a
knownrway) with time.

A final remark in this introduction' should be made‘
about the alpha radicactivity in the instrument. This is of
the order of several millicuries. Since alpha radiocactivity
is easily absorbed, there is normally no health hazard from it
unless biclogical material is exposed io the unshuttered source.
Considerable care has been expended to ensure that the alpha
radicactivity nof eécape from the instrument, and tests foi the
integrity of the sources are included (see below). If there
is evidence 6f escape of the radiocactivity the instrument should
be packaged and serviced by competent personnel.
The external radiation ffom the‘instrument is low,

< .3 mr/hr gamma ray at contact on outside of instrument.
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IITI. Description of the Instrument

The principle of the ASHED Instrument has been
described in the SCIENCE article (Economou et al., 1973) and
in Section II above. The three parts (Sensor Head, Electronics,
and Associated Servicing Facilities) are described in some
detail in this section. |

4. Sensor Head .

The sensor head 1s thé active part of the instrument.
It contains the ;adioactive source, the solid state detector,
protective films, mechaniéal'shutters and the first stage of
the electronics. Figure 1 shows a picture of the sensor head.
The géometricalfrelafionships of éomponents inside the sensor
are illustrated in Figure 2. The detailed mechanical drawings
are furnished separately in appendix 5.

The sensor head is a cyliﬁder ~ .5 ém diameter and
about 5.5 em high. The components are: ‘

1. The alpha radicactive source in its collimating
container with proteétive films to assure containment of the
alpha radioactivity.

2. The annular detector, also with a protective film.

3. Two separaté mechanical shutters, one to be
interposed between the radiocactive source and all other parts of
the instrument, the other to expose the sample to be examined.

Levers on top of the sensor head operate, separately, these

shutters.



I, The first stage of electronics to provide the
processing of the sighal from the detector.

5. An umbillical cord connecting the sensor head
with the main instrument box.

B. Flectronics and Assoclated Servicing Facllities

The main instrument box qontains most of thé electronics,
the display, counter, timing units, the battery and charging
accessories.

Some of thése components will be discussed in some

detail in the next section.
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Iv. Detailed Description of Critical Components

A. Sensor Head

1. The alphd radiocactlve gource in its collimating
container.

The requirement of such an instrument is for an alpha
radicactive source of high intensity and high enough monochromatic
energy. The demonstration instrument (Economou et al., 1973)
used 242Cm at a strength of 4 mc. This nuclide has the advantage
of relatively high energy (6.1 MeV)} of high specific activity
so that sources of high quality can be prepared. It is, however,
expensive, and the short half-life (163 days) would require
correction for decay during field use, and relatively ffequent
_vreplaCGment of .the source.
onl;

96Cm (t% = 18 YT,

alpha energy 5.8 MeV). Instrument 1 has 4.4 mc of alpha activity;

The preset instruments have'in them

instrument 2 has 3.7 mc. DNeither the source strength (~ 1/3 of
that for which the instrument was designed) nor the quality (see
appendix 2) are of desirable (or, possible) quality but were the
best that could be obtained for these instruments. They were
prépared at the Argonne National Laboratory. The performance,
particularly of instrument 2, is therefore considerably degraded
over that which is possible.

The alpha radiocactivity is mounted on a platinum plate

" by an evaporation technique (instrument 1) or by electrodeposition
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(instruﬁent 2). After depositing the radiocactivity, the sources
were covered with a 900 L film of graphite to help cut down
recoil transfer of the radiocactivity from the socurce to other.
parts 6f the instrument. TIn front of the alpha source is a
collimator that restricts the emitted alpha particles so ﬁhat
they strike only the opening in the bottom of the instfument
-head. The collimator is made of stainless steel. It is 1.75 mm
long, has an ID of 3375 mm and has walls 130 u  thick. A
mechanical shutter (see Pig. 2) can be interposed betweén the
soﬁrce and the collimator.

There are two sets of thin films to further assure
the containment of tﬁe radiéactivity. One is at each end of
the c¢ollimator. The films each consist of a combination -
ﬁYNS —‘A1203 having a combined thickness of ~ 1200 4. Visual
inspection (with source shutter closed) may reveal wrinkles,
but there should be no breaks visible. The source shﬁtter should
be kept closed whenever the instrument is not in actual use in
order to cut down the exposure to radiation of the films.
Laboratory experience has indicated lifetimes for such films
of up to a year.

2. Surface barrier silicon detector and films.

A solid state detector of the silicon surface barrier
type is used to register the pulses from the backscattered aipha

particles. To achieve an optimum geometry for the instrument,
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a small circular detector wifh a hole in the center is used.
The source collimator protrudes through this'hole (see Fig. 2).
The detectors in the pfesent instruments were made at the Labora-
tory fbr Astrophysics and Space Research of the University of
Chicago and are of the type used for space'appiiéations. They
have been made from 0.5 mm thick silicon crystals and have an
evaporated gold surface on each side to provide electrical
contact. The sensitive area of the detectors is about 2.0 cme,
(although only a fraction of this is actually used in these
instruments); the sensitive depth is 100 p. The detectors
operate with an applied bias of 5f12 volts. BSuch defectors
have the property of producing an electrical impulse whenever a
- charged particle such as an alpha particle enters them. This
impulse is prbportional to the'energy-qf the particle.

‘ The detectors are very‘fragile and have 1o be handléd
with care. To protect them primarily from dust, a thin film
(~ 3 p thick kimfol foil) is placed in front of the detector.
This film is plated with a very thin layer (~ 100-200 1) of
gold to cut down the sensitivity of the detector to light and
torreduce static electricity accumulation which might lead to
accumulation of dust on the surface of the film.

It is most important that the instrument films not

come in contact with the measured sample or other material. If,

" for some reason, the films break, the instrument should be sent



back for service. Failure to do so may result in misinterpre-
tation of the data, permaﬁent damage to the detector, or, most
serious, contamination of the instrument with alpha radicactivity.

3. Mechanical shutters.

There are two shutters on the sensor head that can be
operated either simultaneously or individually (Fig. é). The
purpose of the shutters is to protect the fragile parts of the
sensor head (detector and films) and to reduce the exposure of
the films and opening of the sensor head to radioactive alpha
particles when the instrument is not in operation.

The source shutter (top in Fig. 2) is made of 130 u
- stainless steel‘and is located between sourcé and the first
AIEOB—VYNS film on the collimator.‘ When this shutter is closed
there are no alpha particles coming out from thelinstrument.

The source shutter can be opened and closed independently from
the other shutter, making it possible to inspect the detector
and films for any damage. It also makes poséible checks on the
detector behavior (see below) and assurance that the alpha
radicactivity is not escaping from the source.

The other shutter - the sample shutter - is located
at the opening of the sensor head. ‘It is thus between the sample
and the detector. Its.function is to protect the detector and
films from physical damage. This shutter should always be kept

closed except during actual measurements.
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Care should be exercised to minimize exposure of any
part of the human body to the alpha particles from the sources
even though the range of alpha particles is‘less than the dead
layer of skin. The most important radiation and health aspect
of the instrument is the early detection of any escape of radio-
activity from the sources. This should be easily notiéed by
the tests to be described below.

B. Electronics

The purpose of the electronics is to process the
electricai impulse that is the output of the detector when an
alpha particle enters. This processing consists of selecting
only those events thét are above é'certain threshold energy,
and recording the number of such events in é preset timer(l or
5-min)} The instrument uses modern sblid state integrated
electronic circuitry, some of which'was developéd;for space
applications. Fig. 3 shows the logic diagram of the électronics.
The electronics conslst of preamplifier and postamplifier which
are located inside the sensor head, a Schmidtltrigger discriminator
and a counting system. The detailed electronics circultry is
attached in appendix 3.

1. Amplifiers.

A charged sensitive preanmplifier with a rise time
constant of 1 ps is used to shape and amplify the weak signal

collected from the solid state detector. A second amplifier
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is then used to achieve the ﬁesired amplification of the
signal. Figs. 4 and 5 in appendix 3 are the detailed electronic
schematics and also the.physical layout of the components on
the printed circuit boards for preamplifier and amplifier,
respectively. iBoth of these amplifiers are in the sensor head.
The output from the sensor head is a negative gaussian shaped
pulse of about iO V. It is fed by a shielded cable into a |
Schmidt trigger type discriminator on PCB-3 and the output can
be examined via test point TP on the back of ﬁhe instrument
when the battery is removed from the instrument. For a quick
check of the entire electronic and counting sysﬁem of the

instrument another test point 1s provided on the sensor head

- for connecting-a pulse generator. (Microdot connector is

required.)
2. Discriminator.
A Schmidt trigger-type discriminator is used to cut
dut all the signals from the alpha particles scattered from
light elements. Only alpha particles with Suffiéiently high
energy, scattered ffom heavy elements, car trigger the discrimin-
ator which opens the counting gate.
A variable discriminator control (R3 and R4 on the
pack of the instrument) makes it possible to select the element

to which the instrument becomes responsive by setting the

Vielectrical threshold for acceptable events.
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There afe two levels of discrimination provided in
this instrument. They are selected by a switch on the front |
panel of the instrument ("Lo" or "Hi" Energy Level). At present,
they are set so that the instrument responds to all eleménts
heavier-than zinc and barium, respectively. These twoleleménts
were selected because some of the commonly used'paints contaln
" either lead, or barium, or-élements with atomic numbers of
zinc or lower.

The sensi%ivity of the instruments for heavy elements
is a function of many factors, one of which is the discriminatiocn
setﬁing} The higher'the setting, the lower the sensitivity,
and vice versa. The counting rate with the "Io" level is high
and a counting time of only 1 minute is enough to set a limit
for thé presence of heavy elements in the reglon of lead of a
few tenths of a percent. However, fhe "Lo" 1evél'responds also
(with lower sensitivity) to the presence of barium. In the "Hi"
level, the instrument is essentially insensitive to barium, and
so the presence of heavier-elementé can be confirmed. Because
'ofrthe lower sensitivity of "Hi" level in the present instru-
ments, with their less than optimal source strengths, about 5
minutes counting time is needed to achieve the sensitivity of
less than half percent of lead.

| A sign of - ("Lo") or + ("Hi") on the first digit of

the display indicates which of the two energy levels is being
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used by the instrumént. A toggle switch on the face of the
instfument_changes from one to the other.

3. Read-out system.

The read-ocut system consists of a three-and-a-half
digit decade counter. This registers each alpha particle
scaﬁtered from a sample with an energy above the selecied
threshold, and presents it via a liquid crystal display (Fig. 3).
One half of the fourth digit (on the left) is used to indicate
an overflow so the counter can handle up to 1999 events. Above.
that one.has to keep track of the number of-thousands. The
other half of the left digilt is used to indicate the status of
the instrument. ;An arrow pointing to the left (=) on the display
appears when the START button is pfessed and stays there for
the entire duration of counting. A plus (+) or minus (-) slgn
indicates which of the two energy levéls is being utilized, "Hi"
or "Lo", respectively. The liquid crystal display was:chosen
for its low power reguirement, so the displaj can be left on
for the entire duration of counting. Fig. 6 in appendix 3 shows
the block diagram of the entire elaéQronic system.

4. Timer.

To simplify the operation of the instrument, an
internal timer is provided which stops the measurement auto-
matically after either one or five"minutes have elapsed,

depending on the position of the time switch on the front panel
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- of the instrument. If the switch is on = position, then the
counting has to be stopped manually by pressing the STOP button.
The total nuﬁber of events registered remains shown on the liquid
crystal display until it is erased or the power on the instrument
is turned off. The end of the counting 1s indicated by the
disappearance df < in front of the liguid crystal display.

C. Battery Pack.and Voltage Regulator

The battery pack consists of 14 600 mah Ni-Ccd, 1.2 V
.rechargeable cells connected in series. Thus, the voltage
supplied from the battery is between 16 and 18 volts, decreasing
somewhat as the battery is discharged.

The threshéld level of the discriminator énd also the
-gain of the,electronic‘system change with decreasing voltage,
and this would affect the behavior of the instrument. To avoid
this effect,ra voltage regulator is.ineorporated which keeps
the voltage constant at 12.0 Volts as long as.the batfery
delivers voltage ét least 4+ 12.0 V. At that point a warning
appears in the display crystal, with all decimal points showing
up . Thé use of the instrument should then be discoritinued and
the battery recharged.

The total current needed to operate the instrument is
about 15 mA. This means that the instrument can be operated
cbntinuously for about 40 hours, or for cne nbrmal work week,

with a single battery charge.
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D. Battery Charger

A charger is provided with the instrument for battery
charging. Fig. 7 in appendix 3 shows the échematics of the
charger. The input voltage required is 110-130 AC and the oufput
voltage is about 60 VDC. For full capacity charging of the
battery, a charging periocd of at least 20 hours is required. A
longer period of charging will not harm the battery.

The battery pack was deslgned so that it can be
plugged directly into the charger. A light indicator is On

when the charging cilrcuit is activated.
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V. Operating Instructions

Following are normal operating instructionslfor
the ASHED:

1. "Power ON"

The power is turned ON and OFF by a switch in the
front panel of the instrument. This will, also, activate the
1iquid crystal display, but not all digit sections will come
on properly. Some switches are of the "lift to switch" type,
to prevent accidental resetting.

2. "Reset"

The Reset button'will always clear the display and
properly activate all digit sections. Zeros will appear on
- the display. ‘ .

3.' Sample Preparation.

The ASHED is designed to examine about 1 en® of a
flat sample either solid or in powder form, pressed to forﬁ a
flat sampie.

The sensor head is detachable from the rest of the
instrument in order to reach less accessible but flat placés.
It must be kept in mind that, to get correctly interpretable
readings, the sensor head should sit directly on the examined
sample with no space between the head and the sample.

4., The two mechanical shutters (the source and sample

shutters) are operated by a lever on the top of the sensor
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head. Turning the lever to the open position all the way until
it is locked by a wiré spring will open both shutters. This
will allow the beam of alpha particles to stream through the
opening on the bottom of the sensor head and impinge on the
sample. In this position, care should be exerciséd to prevent
any radiation exposure toc human bedy.

After the measurement is complete, the shutters
should be closed by shifting the shutter lever to the "closeg"
position. The shutters should'be kept closed except durlng
actual sample measurement.

The above operation of the.shutter lever on top of
the sensor head operates both shutters simultaneously.

See below for the procedure for operating the shutters
separately. |

5. "Start" - Pressing the start. button initiates the
registration of events iIn the detector and starts the internal
clock. The measurement will stop automatically after 1.0 or 5.0
minutes, depending on the position of the time switch.

6. "Stop" - Pressing the stop button terminates the
measurement manually . Itris recommended, when first turning on
the power of the instrument, to pfess the stop button, reset the
display by pressing the "Reset” button, and then start the

measurement.



VI. Interpretation of Measurements

At the time of delivery, the background measurement
of the instrument (made with a "heavy-metal-free" material such
as polyethylene), 1s guite low. For example, for instrument SN/1
it is about 0.26 + 0.06 c/min in the "Lo" threshold mode, and
(0.14 # 0.11) ¢/5 min in the "High” threshold mode. These
~ backgrounds can be neglected except at low concentrations
(< 0.5% Pb) of heavy elements. \

TMLow" threshold measurements. These are designed
to obtain a rapid answer to the question "are there any chemical-
elements heavier than zinc in the surface material being

‘examined?" The calibration of Instrument SN/l provides the

folloﬁing interpretation of a reading in the "Lo" mode

‘14 ¢c/m means 1%Pb by ﬁeight, or
5% Ba

with intermediate values of intérmediate eléments.‘ It 1s clear
that at about the 1 c¢/m level (implying ~ 0.1% Pb) a 5 minute
measurement in the "Lo" mode should be made to make sure that
the events observed_were not statistical fluctuations:

| If the "Lo" threshold measurement warrants further
identification, the switch is made to the "Hi" threshold mode
of the inétrument. Except at the highest concentration (> 5% Pb),
this will require a 5 min measurement. In this ﬁode, 1% Pb will
give 5.0 events in 5 min, whereas 5% Ba will lead to 2.3 events

in 5 minutes.
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For convenience, Fige. 8 and 9 can be used to convert
intensity into weight percent of lead for "Lo" and "Hi"
thresholds, respectively.

Remembering the principles on which the operation of
the instrument are bvased, 1t is clear that a positive reading
with the "Hi" threshold indicates the presence of some element
" heavier than Ba, with a reléti?e sensitivity roughly that

shown in Fig. 2a of Economou et al: (1973).
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VII. Tests and Contingency Procedures

A. Tests with closed shutters

With both shutters closed, turn power on and take a
one minute measurement with energy threshold on "Lo" position.
If there are no counts or only one or two, thig indicates that
the instrument is behaving normally, and there is no contamination.

| The presence, repeatedly, of more than two events in

a 1 minute measurement with both shutters closed indicates a
malfunction in the instrument. This could arise either from
radicactive contamination or from electronic malfunction.

To check on the possgibility of radiocactive contamination,
‘the sample shutter should be opened (while keeping the source
shutter closed} and the condition of the two films over the |
source collimator examined. Although these may show wrinkles,
they should not be broken. If broken, the instrument should
be sent back for servicing.

Electronic malfunction may arise either from noise
developed in the detector or plcked up in the electronics.; A
noisy detector may be indicated if the "shuttér closedf feéding
ie abnormal in the "Lo" threshold mode, but not in the "Hi"
threshold mode.

B. Tests with calibration source

A Cm-244 calibration source with a total intensity of
only about 400 d/min is provided to check periodically the '

behavior of the detector. The procédure is the same as for
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the sample measurement except that the source shutter has to be

closed and the calibration source takes the place of the sample.
A total of about 130 + 10 counts per minute should be registered
with "Lo" as well as with "Hi" energy thresholds.

If no counts are registered, theée detector or the
electronics system may be at fault. A look with an oscilloscope
at test point TP in back of the instrument should indicate
which part is malfunctioning.

C. Test with a pulser

As an additional mode of testing; an input for a pulser-
is provided in the sensor head via a microdot connector. The
output can be looked ecither at testing point TP or on the display.
A 60 cycle pulser with a pulse~height of ~ 20 mV at this point
should operate the instrument. '

D. Test with a paint sample

A paint sample with a known amount of lead 1s also
providéd to check periodically on any change in the calibration
of the instruments with time. 450 = 15 ¢/min and 175 + 15 ¢/5 min
should be registered with lnstrument SN/1 with "Lo" and "Hi”
thresholds, respectively, and 240 £°11 ¢/min and 87 = 7 ¢/5 min
with the SN/3 {nstrument . ‘

" If there is appreciable change from these responses
the threshold levels R3 and R4 on the back of the instrument

~ gshould be adjusted to obtain the predetermined counting rates.
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At the same time the counting role at the "Lo" position
from pure elemental copper or zinc should be checked. This

should not be more than 8-10 c¢/min.
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Picture of the Alpha Scattering Heavy Element Detector.
Diagraﬁ of the Sensor Head.

Logical diagram of the operation of the Alpha Séattering
Heavy Element Detector instrument.

The electronic schematics and the physical layout of

compenents for the preamplifier.

The electronlic schematics and the physical layout of

components for the postamplifier.

Block diagram of the electronics for the Alpha Scattering
Heavy Element Detector.

The electronic schematics for the charger.

Calibration on curve for "Lo" threshold.

Calibration on curve for "Hi" threshold.
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¥X. Appendix
1. "Heavy Elements in Surface Materials: Determination
by Alpha Particle Scattering", by Thanasis E. Economou,
Wayne A, Anderson, Edwin M. Blume and Anthony Turkevicﬁ,

Science 181, 156 (1973).
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Appehdix 2.

Spectra of Cm-24L4 sources used on the Alpha Scattering

Heavy Element Detectors SN/L and SN/3.
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Appendix 3._
Electronic Schematics for the Alpha Scattering Heavy

Element Detector.
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Appendix I

Calibration Curves
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Appendix 5.

Mechanical Drawings





